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at least 1 case. Keith and co-workers" sugigested ani incidence figure of 1:210,000 live births, and found this defect to constitute le.ss than 1 per cent of all cong~leniital heart defects.
SEX RATIO Our series consists of 10 females and 1 3 niales, supporting the current concept tlhat there is an equal sex ratio in this entity.
PRENATAL HISTORY Information on this subject was available ini 19 of the 23 cases. In 12 of these, the pregnancy was " unieventful" or " uncomplicated."
The other 7 reported the following incidents during pregnancy: nausea and vomiting. ill the first trimester with transient bleeding ini the sixth month (case 2), marked hypertension and premature labor preceded by hemorrhlaoge (case 3), exposure to mumps during the seveiith month of gestationi (case 4), hyp)erenielsis gravidarum duringy the enitire grestatiomal p)eriod (ease 8), t' ansient uterine bleding. iii the third month (case 9), malaria during" thle sixth week (case 10), and exposure to measles during the third month with a "few red spots Onl the arms" (case 12). In the ab. ence of coitrol data, it is not possible to evaluate the etiologic importance of these incidents.
FAMILY HISTORY
There have been iio reports iii the literature of multiple cases of Ebstein 's anomaly ini the same family. Grob et al.6 stated in their case report that "a cousinl of the child 's mother"' had acyanotic congenital heart disease. Blount, et al. 7 and Bayer et al. 8 Unusual facial colorations such as "violaceous hue, '7, 8, 12 'flushed, '7' ' florid ' 9, 28 and "red-cheeked" 9, 29 have been described in patients with Ebstein 's anomaly. Similar observations have been made in our cases, often prior to the establishment of the correct diagnosis. In our 23 cases, 10 showed a peculicar facial coloration, which may have diagnostic significance somewhat akin to the " malar flush" of mitral stenosis.
Clubbing of the fingers was present in 6 patients, all cyanotic. Perip/hieral Vessels. The peripheral vessels were usually desci ibed as normal, although inl 5 of the cyanotic patients the pulses were noted to be "fair" or "weak." Blood pressures inl the arms and legrs were found to be withini normal limits, except in 1 adult (case 20) whose systolic arm pressure was 160 iniim.
11g. Iii measuring the blood pressure, the diastolic end point was sometimes difficult to atscertaini, particularly if the patient was cyanotic or ill heart failure. Similar observations have been made by Blacket et al. 9 and Kilby et al. 13 In general, no specific observations were made regarding the neck veins. There was a definite presystolic pulsation of the neck vessels associated with tricuspid insufficiency in case 7, who was ill severe congestive failure.
however, pulsations of the liver were not noted. In 1 of our asymptomatic patients (case 9), a phlebogram showed evidence of triclispi(l insufficiency.
Cardiac Findings. Five of the patients had a visible thrust of the precordium. The point of maximiial impulse was described in 19 cases.
In 13 it was "diffuse, " but in the others it was "localized. " These observations could not be correlated with heart size.
A systolic thrill was noted in 15 The heart sounds were variable. Soft and diminished heart sounds have been emphasized to be of diagnostic significance.9 2 W \\Te have found this feature only in a minority of cases, the heart sounds usually being of iornial intensity. "Metallic" or "clicking'" heart tones were described in 10 patients. The "triple" or "gallop" rhythm so frequently described in the literature was noted ill 18 of our 23 cases, and in 6 of these the rhythm was recorded as "quadruple." The triple rhythm is produced by a low frequency early to middiastolic third heart sound or soft murmur, usually maximal along the lower left sternal border or the "apex." The "quadruple" rhythm is caused by an additional presystolic sound or murmur.
The first sound was noted to be "split" in 11 of the patients. Characteristically, tbe second portion of the split first sound was louder than the first portion, sugestive to some observers of a systolic, ejectiomi click. Also, the widely split first sound plus a second atid third heart sound led to the occasional description of a "(quadi uple" rhythm. Ill childrenm the second sound over the pulivnoniic area was usually described as "split"' atiid louder than over the aortic area. In adults, the second sound over the pulmonic area was usually noted to be pure and equal in iintenisity to that over the aortic area. In no case was the second sound described as being diminished over the pulmonic area.
All our cases had a systolic murmur, although ill 1 patient (case 2) it was not noted until 16 months of age. The maximal intensity of the murmur was always noted to be at the lower left sternal border, or from there to the "apex." Again, we think that the location of the murmur depends upon the location of the tricuspid valve. The majority of the murmurs were of grade I1 to III intensity, but varied from a barely audible grade I murmur to the grade V murmur. The intensity had no close relationship to heart size, but appeared to increase with cardiac failure. The figs. 1 and 2 ). In 4 instancees we have obtained roentgenogralns within the first few days of life. In case 1 the heart was markedly enlarged at 5 hours of age, while ill the others (cases 2, 3, and 12) the heart contour was within normal limits.
In the majority of our cases the cardiac contour could be loosely grouped into 2 The contours in some of our other cases resembled those seen in tetralogy of Fallot, tricuspid atresia, pulmonary atresia, or isolated pulmonary valvular stenosis.
In case 2 no definite cardiomegaly occurred prior to her death with nephrosis at 21/2 yean;. Individuals with this malformation having a normal-sized heart have been reported by several writers. 16, 26, 32 34 The pulmonary vascular nmarkings were always normal or decreased. A close correlation exists between the degree of cyanosis and the decrease in the vascular markings. Even ill cases with cardiac failure there was 110 illerease ill pulmonary vascular miiarkinigs and no evidence of pleural effusion. The main pulmonary artery segment was often difficult to identify, and the aortic knob generally a)peared small. However, both may i)-tolally or partially obscured by the right-sidel chamber enlargement. Six of the children showed a prolonged IP-R interval. Nonie of the children under 16 had a consistently normal QRS pattern during the course of the clinical observation; 2 children (cases 2 and 11) were initially normal and progressed to an inlcomplete right bundlebranch block. Another (case 9) progressed from aii incomplete to a complete right bundlebranch block. Of the 5 patieiits over 16 years of age, 4 showed right bundle-branch block, arid the other had a normal QRS with sinoatrial rhythm and complete right bundlebranch block when nodal rhythm supervened. The right bundle-branch block configuration was frequently atypical.
The uncorrected Q-T interval was normal in all but 3 patients. Case 1 had a prolonged Q-T for age and rate; cases 6 and 17 developed a prolonged Q-T interval as demonstrated by serial electrocardiograms. These latter 2 cases showed gradual prolongation of the P-R interval and the QRS duration, so that the prolonged Q-T may have been due to the lone QRS.
Of the 18 cases, 14 showed maximum or higher than normal P waves, the peaking always occurring in V2 and V3 if present at all. There was prominent notching or slurring of the P wave in only 4 cases.
The duration of the P wave was ili(reased ill 3 adults and 5 children. Van Lingren and Baversfeld39 postulated that the increase in the P-R interval was caused by aii increase in the duration of the P wave, and that the P-R interval per se was not increased. Only 3 of our 6 cases with a prolonged P-R interval, however, had a P wave of abmiormal duration.
The 4 children showing both an increase iii height and duration of the P wave have all died, while the 2 adults with these features are living. The 4 patients who have normal P waves in all leads are still living aiid relatively asymptomatic. Those In 5 of our 6 cases, the W-P-W pattern was present on all occasions (all patients having at least 2 tracings), while in 1 (case 6) this pattern was seen only once. On other occasions there was a prolonged P-R interval and right bundle-branch block ( fig. 3) Three patients (6, 14, 18 ) of the 6 with W-P-W gave a history of recurrent attacks of tachycardia; in contrast. oily 4 of the other 17 cases gave a similar history.
Tall peaked 1' waves ('PI)ulhInoilale") occurred in the right precordial leads in 5 of the 6 cases. There atgaini appears to be a correlation between the height of the P wave and the clinical symiptomatolog(y; the tallest waves occurred in the 2 deceased patients, and the only normal P waves occurred in the lone asyinptoniatic patient (case 10) inl this group. The P wave was alwayss positive in leads I, II, aVL, aVF, and Vt2 to At;, always negative in aVR, and variable ill the other leads.
All 6 eases showed type B W-P'-W pattern.
with systole in 8 cases to a descrescendo or crescendo-decrescendo pansystolic murmur in the other 4 cases. The murmurs varied in intensity from very soft to very loud, and were maximal at the apex or lower left sternal border.
The second sound was of normal intensity in 8 cases. I1m 2 cases it was completely obscured by murmurs. In 1 case (10) it was of less intensity than usual, and in the other (12) the soumid was of greater intensity and was the only instammec iii which "'splitting'" was noted. Except for this latter case, all showed a second sound of normal duration. The second sound was usually maximal in intenisity in the pulnlonic area, but in some cases was loudest along the lower left sternal border or at the apex.
A discrete third heart sound or short middiastolic murmur was noted in 9 eases, usually best observed at the lower left sternal border. In another ease (7) the area usually occupied by the third heart sound was filled by an early diastolic murmur. In the other 2 patients, both young children, neither a third heart sound nor a diastolic murmur was present. The third heart sound or mid-diastolic murmur was regularly of low frequency (90 to 150 cycles).
A presystolic extra sound was noted in 2 cases, and a presystolic murmur of varying type was present in 4 others. In the 1 case, in which we have serial phonocardiograms (case 18), there was a change from a presystolic extra sound to a definite presystolic murinur over a period of 6 years. In the other 5 cases, all children who are completely or relatively asymptomatic, no presystolic sound or murmur was present. This murmur or sound was regularly of medium frequency and maximal at the lower left sternal border or apex. A continuous systolic-diastolie vibration was noted in 3 cases (4, 6, 7), all of whoni showed fibrinous pericarditis at postmortem examination.
In general our findings resemble those of Mayer, Nadas, and Ongley.14 They found the first sound to be delayed, of normal intensity, and maximal at the apex. The second sound was maximal at the left sternal border or apex ill their 5 patients. The In the desaturated gronti) the average svs temtie saturation was 81.5) per. ccnt. The average pulmoniary hlood flow wlas 2.5 _L.,.2m/niiii. anid the average svsteniic blood flow 3.() CINICAL STUDY OF EBSTEIN'S ANOMALY OF TRICUSPID VALVE ance in dynes/cin./sec.5 was 2.2 times greater than normal for the surface area of these patients.
In the 11 patients who were fully saturated, the average saturation was 96.5 per cent. In contrast to the other group, the pulmonary and systemic flows approach normal, being about 3.5 LJ./M.2/min. The average total calculated pulmonary resistance in this group is normal. One patient (21) would appear to have a left-to-right shunt at the atrial level.
Whether or not these physiologic differences are significant or represent errors inherent in sampling or calculations cannot be stated at the present time.
DIFFERENTIAL DIAGNOSIS
The following is limited to those clinical entities having normal or decreased pulmonary vasculature by roentgenograms.
Pulmonic Valvuldar Stenosis, with or without
Atrial Septal Defect The young child with these malformations, particularly if in cardiac failure, may have a cardiac contour similar to some seen in Ebstein's defect. Diminished pulmonary vasculature and peaked P waves may also be seen in both anomalies. However, the harsh murmur of pulmonic stenosis in the primary pulmonary area (with the absence of a diastolic murmur), the systolic thrill in the same area arid often in the suprasternal notch, and the marked right ventricular hypertrophy on the electrocardiogram help to identify this defect.
2. Myocarditis, Endocardial Fibroelastosis, and Familial Cardiomegaly
The cardiac contour, cardiomegaly with weak pulsations, distant heart sounds, increase in the P-R interval, diffuse ST segment and T wave changes, and the W-P-W pattern may be seen in these conditions and in Ebstein's anomaly.
Ill differentiating these lesions, left atrial enlargement on the roentgenogram should be of definite value, since it is often present ill the above entities, and has not been seen in a.Lny of our series of Ebstein's anomaly. In addition, the pulmonary vascular markings are normal or even "full' 'in these diseases, even in the presence of a markedly enlarged heart; in contrast, in Ebstein's malformation, the very large heart is usually accompanied by decreased pulmonary vascular markings. Negative T waves in the left precordial leads would suggest endocardial fibroelastosis in the child, particularly if associated with cardiomnegaly. The history may be of some aid in pointing to specific etiologic factors in myocarditis.
.
Tricuspid Atresia
Similarities between this malformation and Ebstein 's anomaly include cardiac contour, peaked P waves, decreased pulmonary vaseulature, cyanosis, and the electrocardiogram when the Ebstein 's patient has a type B W-P-W pattern. This latter pattern would lhave left axis deviation, small or absent R waves in the right precordial leads, and tall R waves in the left precordial leads.
However, individuals with tricuspid atresia usually have left atrial enlargement, and ordinarily show a greater degree of cyanosis at an earlier age. The children with this malformnation are usually dyspneic at rest, and show growth retardation.
Tetralogy of Fallot
This malformation may be confused with Ebstein's anomaly because cyanosis, decreased lulmonary vasculature, similar cardiac contour (when the Ebstein's has a normal or only slightly enlarged heart), syncope, squatting, peaked P waves, and right axis deviation may be found in individuals with either of these defects. Historically, those individuals with Ebstein's anomaly subjected to an extracardiac shunt procedure were diagnosed, as tetralogy of Fallot, trilogy of Fallot, or tricuspid atresia.2-' 23, 25, 31, 59 The cyanotic tetralogy, however, invariably lhas marked right ventricular hypertrophy with little delay in intraventricular conduction. The squatting and syncopal episodes are usually more frequent and severe, diastolic murmurs are rarely heard, and loud systolic murmurs are heard from the primary pulmonary area down the left sternal border. was not possible to tell whether the "atrialized ventricle" was contracting with the right atrium or with the "functional" right ventriele. PATHOLOGIC FEATURES The mode of death in 3 of our cases has been noted. Cases 1, 3, and 5 had severe cardiac failure; case 2 died in cardiac failure shortly after the onset of the nephrotie syndrome; and case 8 died unexpectedly while sitting at his desk in school. Some of the postmortem specimens of the heart (figs. 5 to 9) demonstrate strikingly the typical abnormal positions of the tricuspid valve. The anterior leaflet is usually the largest and best developed leaflet and is attached to the true annulus along its medial aspect. The septal (medial) and posterior leaflets are displaced down from the true annulus, the posterior leaflet usually showing the greatest degree of deformity to the point of being absent entirely.
The valve tissue proper may be thick or thin, intact or with multiple perforations, or smooth or nodular. Leaflets may appear to be entirely functional, or they may be adherent to the endocardium ("tethered down"). The chordae tendineae vary from minute useless structures to those that approach normal. The papillary muscles similarly show wide variation in structure.
The right atrium is consistently enlarged, with dilatation and hypertrophy invariably present. On the other hand, the "atrialized" portion of the ventricle is always very thin, occasionally with thin aneurysmal areas. This latter feature was present in the 2 infants that died (cases 1, 3). The "functional" right ventricle may be rudimentary or very large, and its wall may be thin or hypertrophied or may show areas of each. The infundibulum usually shows hypertrophy. The size of the "functional" right ventricle varies more or less inversely with the " atrialized " right ventricle. Pechstein59 has attempted to classify this anomaly into 4 separate morphologic groups, utilizing valve positions and proportion of "atrialized" to "functional" right ventricle as the basis of his criteria.~~~~~~~~~I hours of age: Top, lead I; middle, lead II; bottom, lead V1. Note prolonged P-R interval (0.14) for age and rate, complete right bundle-branch block (QRS 0.11), and peaked P waves.
All but 2 of our autopsied eases (2, 8) had an incompetent or fenestrated foramen ovale. Case 1 showed a patent duetus arteriosus, but this was of dubious significance inasmuch as death occurred shortly after birth. Only 1 other case (3), who died at 31/2 months, had an associated cardiac abnormality-a ventricular septal defect. Although this was present, there was no evidence of increased pulmonary blood flow. Any blood shunting through this ventricular defect had 2 possible modes of exit: through the minute 3 mm. tricuspid orifice into the right ventricle, or through the foramen ovale to the left atrium. In view of the decreased vascularity on the roentgenograms, it is apparent that the small tricuspid aperture was effective in preventing excessive or even normal pulmonary blood flow.
The pulmonic, aortic, and mitral valves were uniformly normal, except for "slight nodularity " The most common physical findings were a systolic, murmur, a second sound which was always heard as well over the pulmonic area as over the aortic area, normal pulmonary breath sounds, cardiomnegaly, normal growth features, a "triple" or "quadruple" rhythm, cyanosis, a systolic thrill, a diffuse area of maximal impulse, a diastolic murmur, a ''split'" first sound, "'metallic'" or "'clickinga" heart tones, cardiac failure, and an unusual " facial erythema."
Roentgen studies regularly showed cardio- 
